Objectives: The present study forms part of the ISRCTN16968287 clinical assay. The objective of this study was to determine the effectiveness of cranberry syrup in the prophylaxis of recurrent urinary tract infection (UTI). Design: Phase III randomized clinical trial. Setting: The study was conducted at the San Cecilio Clinical Hospital (Granada, Spain). Participants: A total of 192 patients were recruited. The subjects were aged between 1 month and 13 years. Criteria for inclusion were a background of recurrent UTI (more than two episodes of infection in the last 6 months), associated or otherwise with vesicoureteral reflux of any degree, or renal pelvic dilatation associated with UTI. Criteria for exclusion from recruitment to the study included the co-existence of UTI with other infectious diseases or with metabolic diseases, chronic renal insufficiency, and the presence of allergy or intolerance to any of the components of cranberry syrup or trimethoprim. Primary outcome measures: The primary objective was to determine the risk of UTI associated with each intervention. Results: Of the 198 patients initially eligible, 192 were finally included in the study to receive either cranberry syrup or trimethoprim. UTI was observed in 47 patients, 17 of whom were males and 30 females. We recruited 95 patients diagnosed with recurrent UTI on entry; during follow-up, 26 patients had a UTI (27.4%, 95% CI: 18.4%-36.3%). Six patients (6.3%) were male and 20 (21.1%) were female. Eighteen patients (18.9% of the total, 95% CI: 11%-26.3%) receiving trimethoprim had a UTI and eight patients (8.4% of the total, 95% CI: 2.8%-13.9%) were given cranberry. Sixty-six percent of the episodes of UTI recurrence were caused by Escherichia coli, with no significant differences being found between the two treatment branches. No differences were observed between the two treatment branches in the rate of resistance to antibiotics. Conclusion: Our study confirms that cranberry syrup is a safe treatment for the pediatric population. Cranberry prophylaxis has noninferiority with respect to trimethoprim in recurrent UTI. (European Clinical Trials Registry EuDract 2007-004397-62) (ISRCTN16968287).
Introduction
Although there is some controversy, current evidence supports the use of long-term, low-dose antibiotics to control recurrent urinary tract infections (UTI), the number needed to treat (NNT) to avoid infection is 1.85. 1 However, one of the main problems in prescribing these antibiotics is increased bacterial resistance to antibiotics and the selection of multiresistant bacterial flora. Recent bibliographic reviews have shown that cranberry syrup may be useful in controlling recurrent UTI among healthy adults. 1, 2 Most of these studies have been aimed at subpopulations at greater risk of developing UTI, such as pregnant women or the elderly. In all cases, it has been concluded that, although the effect of cranberry syrup seems to be beneficial, its optimum dose remains unknown, as is its possible utility among a pediatric population, for which few studies have been made. UTI is relatively frequent in children, presenting a rate of around 8% among girls and 2% among boys. The recurrence of UTI following pyelonephritis may rise to 20%. 3 Some later evidence 3, 4 seem to suggest that antibiotic prophylaxis does not affect the frequency of kidney scarring and so the utility of this treatment has been questioned. Other studies 5 have shown that pediatric patients suffering from recurrent UTI and being treated with low-dose trimethoprim-sulfamethoxazole achieve a 6% reduction in the rate of UTI, in comparison with placebo treatment (95% CI: 1-11). In previous studies, 6 we confirmed the in vitro anti-adherent properties of the cranberry extract used in our assay of the adherent capacity of Escherichia coli. The present study, based on a controlled, double-blind clinical trial, examines the effectiveness of cranberry syrup treatment for an infant and children population at high risk of recurrent UTI. The study hypothesis is that cranberry syrup is safe and effective in the prophylaxis of urinary tract infection, equivalent or at least not inferior to trimethoprim for the prophylaxis of UTI.
Methods

Study participants
From 2009 to 2010, children aged from 1 month to 13 years, treated at the pediatric nephrology and urology departments in our hospital, were recruited for this study. The inclusion criteria established were a background of recurrent UTI (more than two episodes of infection in the last 6 months), vesicoureteral reflux of any degree, or renal pelvic dilatation associated with a UTI. The presence of infection was confirmed by urine culture (.100,000 colony forming units [CFU]/mL) using a 'mid-stream' urine sample or a urine collection bag, after asepsis of the urethral meatus with chlorhexidine, or .10,000 CFU/mL if a catheter specimen of urine was obtained. In both cases, the presence or otherwise of a urine sediment with .20 leukocytes per field was determined. Criteria for exclusion from recruitment to the study included the co-existence of UTI with other infectious diseases or with metabolic diseases, chronic renal insufficiency, the presence of allergy or intolerance to any of the components of cranberry syrup or trimethoprim, the existence of blood dyscrasia, or the express wish of the parent or guardian to exclude the child from the study. This study was approved by the local ethics committee, and in all cases the parents or guardians gave their written informed consent.
Primary and secondary outcomes
Our clinical practice guidelines recommend trimethoprim for the prophylaxis of recurrent UTI in infants until an imaging study is performed and in all patients with vesicoureteral reflux (VUR) grade III and IV. The problems faced in our hospital regarding bacterial resistance to common antibiotics justify this comparative study, in which we seek evidence of positivity in order to reduce the consumption of antibiotics. We compare the efficacy and safety of cranberry prophylaxis in a single daily dose when either recurrent UTI or VUR, both of which are major indications for prophylaxis, is recognized. In the absence of references in this regard, and after approval by the ethics committee of our hospital, the study was extended to other diagnostic groups that are not the object of routine prophylaxis, namely dilatation of the renal pelvis, hydronephrosis, and renal anatomical defects.
The secondary outcome was the evaluation of the predominant bacterial flora in each arm of the intervention and of the most common bacterial resistance.
Study design and intervention
The study was designed as a Phase III randomized clinical trial, with the treatment option concealed from both patients and researchers. There were two treatment branches: cranberry syrup and trimethoprim. The study began on January 1, 2009 and ended on October 31, 2010. The maximum follow-up period of each patient recruited was 1 year.
Randomization
For the randomization, we used the SPSS macro published by Domenech et al (!RNDPB V2005.03.07 c), which randomized permuted blocks of five subjects in each of the centers. Each patient randomized to an intervention arm was assigned a registration number corresponding to a patient data file. The files were distributed sequentially in blocks of five among the recruitment points, as requested by the researchers when new patients were included in the study. The register numbers corresponded to those of the treatment interventions, and this list was only held by the Hospital Pharmacy Service.
After each patient was included in the study, the researcher gave the parents a card with the corresponding identification number. This card was presented at the Hospital Pharmacy Service to obtain the corresponding treatment, which was thus masked.
Characterization of the cranberry syrup
The cranberry syrup was supplied by Pharmatoka (Ruei Malmaison, France) , using a dispersion of 2.8 % of a high cranberry PAC (proanthocyanidin) extract used to formulate the food supplement Urell ® . The concentration guarantees that 5 mL of the syrup contains 36 mg of highly bioactive PACs extracted from the cranberry syrup, measured by the BL-DMAC method. The cranberry syrup was characterized by the Department of Analytical Chemistry at the University of Granada. 7 
Experimental group
This group was given a nocturnal dose of 0.2 mL/kg of cranberry syrup, just before the evening meal. If it was vomited during the following 30 minutes, administration of this dose was repeated.
Control group
This group was given a nocturnal dose of 0.2 mL/kg of a color-masked suspension of trimethoprim at a concentration of 8 mg/mL. This was given just before the evening meal, and if it was vomited during the following 30 minutes, administration of this dose was repeated.
Masking
At all times, the intention-to-treat principle was maintained. The trimethoprim syrup was diluted to a concentration of 8 mg/mL. For the color masking, CC-1000-WS (E-120) colorant (CHR-Hansen) was added, at a concentration of 0.1% (not exceeding the 100 ppm of carmine allowed). The packaging for both treatment options was mahogany-colored plastic tubes of 150 mL. The tubes were labeled in accordance with the regulations of the Spanish Agency for Medicinal Products (AEM) for research medicines.
Follow-up
Treatment compliance was assessed by telephone consultation; every month, the parents were contacted to ask whether the child was taking the syrup and whether there were any problems in this respect. A periodic follow-up examination was performed, every 2 months or on demand from the patient when the symptoms called for it. The patient was instructed to obtain a urine culture if fever, urinary symptoms, vomiting, or weight loss occurred. The urine culture was also to be obtained before beginning any antibiotic treatment. All patients included in the study underwent a kidney ultrasound examination. The patients with renal pelvis dilatation and those with recurrent urinary tract infection were examined by serial voiding cystography. The patients with vesicoureteral reflux grade II or higher, or with moderate hydronephrosis, underwent renal scintigraphy. Data records were kept of the treatment number assigned, the clinical and analytical data for each of the patients' scheduled follow-up examinations, and the periodic results of the urine cultures obtained. The absence of fever was not considered as a criterion for exclusion.
Sample size
From our review of previous studies, 3, 8 there is assumed to be a 20% risk of recurrence of UTI during the first year that patients receive antibiotic treatment. In the present study, we examined the equivalence or otherwise of cranberry syrup prophylaxis and trimethoprim. The limit of equivalence was estimated at ±10%. The alpha error was estimated at 5% and the power of the study, at 80%. In accordance with these data, the sample size was calculated to be 109 patients per group.
Statistical analysis
Statistical analysis was designed as a survival analysis in which appearance of the event (UTI) was sufficient cause for ending the follow-up period. In cases of voluntary withdrawal from the study or treatment discontinuation for reasons other than UTI, these data were considered to be censored for the remaining follow-up period. Kaplan-Meier curves were calculated for the experimental intervention and for the control treatment.
For the noninferiority analysis we consider a difference in prevalence (d) Results Figure 1 shows the CONSORT flow diagram. A total of 198 eligible patients were included in the study. Gastrointestinal intolerance was observed in five of the cases assigned to trimethoprim and in two of those assigned to cranberry syrup treatment. An equal number of losses to follow-up were experienced in both branches of the study (n = 3); furthermore, in one case in each treatment branch, cutaneous rash was observed following administration. Urinary tract infection was observed in 47 patients, 17 of whom were males and 30 females. Thirty patients (14 given cranberry syrup and 16 given trimethoprim) completed the follow-up on a voluntary basis when their parents reported the absence of symptoms and made the unsupervised decision to discontinue prophylaxis (treatment discontinuation, Figure 1 ). Forty patients were less than 6 months of age. Of these, 24 (of whom eight received cranberry) completed the follow-up time (1 year) without a recurrence of UTI and without any adverse events. Two of the patients who received cranberry were less than 2 months of age. Due to problems during the randomization process, 75 patients were assigned to receive cranberry syrup and 117 to receive trimethoprim. However, blinding to treatment was maintained. Table 1 shows the number (%) of patients with UTI in each treatment group, and states the average time in days (SD) without infection in each treatment group.
Recurrent urinary tract infections
Ninety-five of the patients were diagnosed with recurrent UTI on entry, and 26 of these suffered a UTI during followup (27.4%, 95% CI: 18.4%-36.3%). Six of these 95 (6.3%) were male and 20 (21.1%) were female. Eighteen of these patients (18.9%, 95% CI: 11%-26.3%) received trimethoprim versus eight (8.4%, 95% CI: 2.8%-13.9%) who received cranberry.
As z U = 0.23 $ − z α = −1.96, we cannot accept the principle of equivalence between interventions, but the noninferiority of cranberry versus trimethoprim is shown. Figure 2 shows the Kaplan-Meier curves for patients diagnosed on entry with recurrent UTI.
Of the patients recruited with recurrent UTI, the mean time to infection after taking trimethoprim was 271 days (95% CI: 233-309 days) and after taking cranberry it was 312 days (95% CI: 275-350 days). Logrank (Mantel-Cox) test: 2.14 (P = 0.14).
Vesicoureteral reflux
Thirty-nine of the patients recruited -19 males and 20 females -had VUR. Nine of those who completed the follow-up period presented UTI; four had been given trimethoprim (10.3%, 95% CI: 7.6%-19.8%) and five had received cranberry (12.8%, 95% CI: 2.3%-23.2%). The small sample size of patients with VUR did not allow us to observe significant differences between the groups.
The mean time to infection after taking trimethoprim was 318 days (95% CI: 274-362) and after taking cranberry it was 281 days (95% CI: 317-344). Logrank (Mantel-Cox) test: 0.5 (P = 0.4).
Dilatation of renal pelvis or hydronephrosis
This group comprised 51 patients, of which 34 received trimethoprim and 17 cranberry prophylaxis. Of these patients, ten (19.6%) developed UTI during follow-up, five (9.8%) in each intervention arm. Of all infections observed in this group, seven (13.7%) occurred in males and three (5.9%) in females. The mean time to UTI after taking trimethoprim prophylaxis was 315 days (95% CI: 275-354), while for those taking cranberry it was 270 days (95% CI: 204-337). Logrank (Mantel-Cox) test: 1.33 (P = 0.24). No significant differences between interventions were observed.
Ureteral duplication and other anatomical defects
Seven of the patients recruited had these defects, and UTI was observed in two of them during follow-up.
Sixty-six of the episodes of UTI recurrence were caused by E. coli, with no significant differences being found between the two treatment branches. Table 2 shows the bacterial isolates in the urine of patients who completed follow-up. No differences between the treatment branches were observed in the rate of percentage of resistance to amoxicillin or cotrimoxazole (χ 2 = 2.7; P-value not significant and χ 2 = 0.3; P-value not significant, respectively).
Discussion
Our study confirms that cranberry syrup is a safe treatment for the pediatric population, including infants aged less than 2 months. Cranberry prophylaxis is not equivalent to trimethoprim, but it is shown to be noninferior versus trimethoprim in recurrent UTI. Recent placebo-controlled clinical trials 5 have shown the benefits of trimethoprimsulfamethoxazole for prophylaxis of recurrent UTI.
Previous studies, 9, 10 have reported the beneficial effect of cranberry syrup in preventing UTI among women, achieving a reduction in the absolute risk of UTI infection with respect to placebo treatment. This effect has been explained in terms of the anti-adherent effect of cranberry on E. coli. 11 Ferrara et al 12 in a controlled clinical trial with respect to placebo treatment in children aged over 3 years, showed that cranberry syrup prevents the recurrence of symptomatic UTI. 29 (13) 159 (137) Under the principles of the Declaration of Helsinki, a clinical trial with placebo cannot be carried out in our circumstances, 13 and therefore, for ethical reasons, the present study was designed as a test of equivalence or non-inferiority. Clinical practice guidelines recommend the use of trimethoprim prophylaxis in children with VUR grade III and IV. In addition, some trials such as Craig et al 5 have observed benefits from antibiotic prophylaxis in pediatric recurrent UTI.
Foo et al 14 identified trimeric proanthocyanidins and type A dimeric procyanidins as the factors responsible for the anti-adherent effect of cranberry. The composition of cranberry syrup used in our study could be of interest for future comparison of our results with those reported in other studies, given the great variability in the concentrations of proanthocyanidin observed in different cranberry extracts. 15, 16 Howell et al 17 reported that the administration of cranberry syrup containing the equivalent of 72 mg per day of proanthocyanidin has an anti-adherent effect, measured in urine, against E. coli that is proportionally superior to that obtained by patients given 18 or 36 mg. Di Martino et al 11 tested the anti-adherent effect in urine of cranberry syrup administered to ten healthy volunteers, in relation to ten volunteers who were given placebo treatment.
Salo et al 18 published a double-blind trial comparing cranberry juice with placebo in children with recurrent UTI, and observed that the intervention did not reduce the number of urinary infections. Unlike our cranberry syrup, which was characterized, 7 the cranberry juice used in the above study had a nonstandardized concentration of polyphenols. We believe it is essential, in this type of study, to characterize the extracts used and to normalize the contents of the active polyphenolic fractions of each extract. Two studies have evaluated the effectiveness of cranberry syrup for children with neurogenic bladder, monitored by means of a sterile intermittent catheter. 19, 20 The first of these studies had a simple cross-sectional design and included 40 children, while the second was randomized and placebo controlled, and included 15 children. Both studies concluded that cranberry syrup is no more effective than placebo treatment for controlling UTI among patients with neurogenic bladder. However, in neither case was the polyphenol content of the syrups characterized.
McMurdo et al 21 carried out a randomized, double-blind clinical trial with cranberry or trimethoprim for women at risk of recurrent UTI. These authors found the risk of recurrence to be 60% greater among the patients who were given cranberry syrup, although the difference was not statistically significant. The systematic review published by Jepson et al 1 of a total of ten studies (1049 patients) concluded that cranberry syrup significantly reduced the incidence of UTI at 12 months (OR: 0.65; 95% CI: 0.46-0.90) in comparison with placebo/control treatments. Cranberry was more effective in reducing the incidence of UTI in women with recurrent infection than in men and elderly women, or persons requiring catheterization.
It was drawn to our attention after the trial that 75 patients received prophylaxis with cranberry and 117 with trimethoprim. This difference in the sizes of the treatment arms was due to an unfortunate problem with the randomization of patients, due to the misfiling of randomization folders in some medical practices. We believe these errors, which occurred toward the end of the study, may represent a bias in the randomization, but not a loss of masking, since the researchers did not know which treatment corresponded to each file. In any case, we observed no difference in the infection survival times in patients receiving cranberry with respect to those receiving trimethoprim, despite the lower number of patients in the cranberry treatment branch.
The prophylaxis of UTI has been associated with increased bacterial resistance to antibiotics. 22 In our sample, we did not observe a significant increase in this respect between the two branches of the trial.
Our results show the noninferiority of cranberry syrup versus trimethoprim in the prophylaxis of recurrent urinary tract infections. Cranberry syrup is a safe treatment for the pediatric population and may constitute a valid alternative approach, especially in view of increasing resistance to antibiotics.
